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Abstract 
Sustainability has become a priority in Dubai and throughout United Arab Emirates.  Dedication to global sustainability may be 
seen through innovative efforts, such as Masdar, and the commitment of leadership to sustainable principles.  Numerous alternatives 
exist for Green Building Design to advance and support this commitment.  This includes the USGBC LEED and Sustainable Sites 
(SITES) approaches, BREEAM, the Dubai Green Building Regulations and Abu Dhabi’s Estidama Pearl System.  While the 
specific philosophies and considerations may vary, each approach has a focus on the design in order to promote and ensure long-
term energy sustainability.  Green buildings should also be constructed using green construction techniques.  Subsequently, efforts 
are underway under sponsorship of the Emirates Foundation to explore approaches for evaluating the sustainability of construction 
site operations.    Each of the available sustainable design options are examined to evaluate construction-specific parameters.  The 
adequacy of the collective information is examined and recommendations are made regarding construction implementation.   
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1. Introduction 
Sustainability and green building have become primary concerns and are at the fore-front of design consideration 
within the engineering communities worldwide.  In the United States, the U.S. Green Building Council (USGBC) has 
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transformed sustainable design through the development and promotion of the Leadership in Energy and 
Environmental Design (LEED) rating systems.  Systems have also been established to promote the sustainability of 
the ecosystem within the development through the SITES initiative incentivizing sustainable land development 
practices.  The United Kingdom, with similar fervor, has pursued the development of the Building Research 
Establishment Environmental Assessment Method (BREEAM) certification system for buildings and large scale 
developments.  Numerous additional developments have been initiated with estimates indicating over 60 countries 
having implemented or are in the process of developing green building systems [1].  Select countries with Green 
Building Councils, as identified by the World Green Building Council member list [2] and synthesized by Kibert [1] 
are shown in Figure 1.  Note that this map only indicates where specific green building rating systems, green building 
councils or green building regulations are being implemented.  It does not indicate all countries where green building 
activities have been undertaken, which would include the majority of countries globally.     
In the United Arab Emirates (UAE), Green Buildings and Sustainability have been a priority and efforts have been 
underway to develop sustainable design for continuing development throughout the individual Emirates.  In Abu Dhabi 
the Estidama Pearl rating system has been developed using a philosophy similar to LEED, albeit tailored to the climate 
of the UAE.  In Dubai, a regulatory approach has been implemented through the Dubai Green Building Regulations 
and there is further strong emphasis for LEED and/or Estidama certifications.  Each approach, as with most if not all 
international developments, has a focus on the design process and design details in order to promote and ensure long-
term energy sustainability and operational efficiency.  There is limited specific consideration of the construction phase 
of the life-cycle in the regulations or the rating approaches.   
Efforts are underway through the sponsorship of the Emirates Foundation to research approaches for enhancement 
of the techniques employed in order to facilitate green construction of sustainably designed commercial facilities.   As 
part of this effort, codes and provisions employed in the UAE (Estidama and the Dubai Green Building Regulations) 
are examined together with LEED, SITES and BREEAM to identify construction-specific factors considered and 
variables employed.   Understanding of currently considered variables will benefit efforts to develop and implement 
construction-specific rating or decision support systems for sustainable construction.  Past research and development 
performed for construction assessment and evaluation will be also be summarized.  The impact of construction 
activities on sustainability in Dubai and the UAE will also be explored to evaluate the significance of construction 
industry operations.  The examination concludes with summarization of available data, identification of required data 
and recommendations.   
Figure 1: Countries with Green Building Development  
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2. The Impact of Construction Activities on Sustainability 
When exploring sustainability considerations, overall project life-cycle becomes an important consideration.  
Facilities are designed and built for decades of service time with extensive facility life-cycles and numerous 
contributors to carbon footprints over long-term horizons.  Small changes in the carbon footprint of a facility over a 
long-term horizon can thus result in large cumulative impacts.  This fact provides strong support for sustainable design.  
With the short-horizon of construction in relation to the overall project life-cycle, this fact has also been used to 
articulate counter arguments against the need for sustainability in the construction process.  Arguments further 
advocate that such short-term enterprises on a project-level do not have the cumulative impact necessary to make a 
substantial enough difference to warrant prioritization of green decision making in the construction enterprise.  This 
perspective, however, philosophically discourages advancement in this area and represents preference not fact since 
even small differences contribute to overall sustainability improvements and reduction of the carbon footprint of 
individual projects.  The cost and impact of implementing sustainable approaches must still be considered in the 
decision support process for the projects.  Furthermore, individual projects must be considered as part of the collective 
whole of the industry to explore the importance of construction process sustainability.   
The collective contribution of small impacts on multiple projects can make a significant difference overall on the 
carbon footprint of the economic sector in vibrant construction economies, such as the UAE and the Gulf States (Qatar, 
Kuwait and others).  Construction in the UAE alone contributes tens of billions of dollars of value and capital output, 
employs nearly 500,000 workers, and is among the largest economic contributors in the country [3].  Collectively, the 
construction industry is a driver of economic growth.  Unfortunately, the industry is also a major contributor to the 
high carbon footprint of the Emirates, which is among the highest in the world and which has increased 63% within 
10 years.   Estimates have indicated that the industry sector may contribute up to 40% or more of the total carbon 
emissions nationwide [4]. Thus, developing and implementing a construction-focused rating system or regulatory 
process can make a significant difference in the overall carbon footprint in the UAE.  The overall contribution of the 
sector in other nations may be smaller than that in Dubai and the UAE, but collectively, the impact of construction 
sector emissions is expected to be significant worldwide.  Pursuing a construction-process specific structure for 
sustainability improvements may thus make a significant impact.  
3. Past Efforts: Literature Review of Construction-Specific Efforts 
A literature review was performed to identify approaches that were available to consider the sustainability of 
construction-specific elements and processes within the project life-cycle.  Through the work of Joan Ko [5] in support 
of the Strategic Forum for Construction and the Carbon Trust in the UK, an action plan was prepared to reduce 15% 
of the carbon emissions in construction sites by 2012 in England.  Four primary sources of emissions were considered: 
on-site construction, transportation for construction purposes, business travels and on-site offices.  On-site and 
transportation for construction purposes dominated the emissions in terms of percentages.  Recommendations included 
improving the energy efficiency of site accommodation, more efficient use of construction equipment, early 
connection to the power-grid, employing good energy practices on-site, better measurement and monitoring, 
consolidation of construction operations and better, more fuel efficient and less wasteful transportation.   
In 2012, Firmawan, et. al, [6] explored the need for the development of a green construction assessment system 
focused on construction operations and evaluated approaches on a government project in Jakarta, Indonesia.  As part 
of this effort, the importance of the construction industry in relation to maintaining vitality of the workforce, resource 
efficiency and environmental sustainability was recognized.  Firmawan’s background literature review characterized 
impacts of construction activities in to four broad categories: “general environmental impact (pollution and waste 
generation), utilization of resources (extraction of raw materials, energy consumption), contribution to sustainability 
(material recycling/reuse) and public impact/care for labor (hygiene condition, safety measures)” [6].   The approach 
proposed resulted in a significant focus on waste mitigation and performance could be increased through waste 
segregation, waste elimination or recyclability.  
Tam and Le [7] and Gangolells, et. al. [8] explored quantitative approaches with scores evaluated based on 
environmental performance in impact assessment.  Tam and Le considered the following variables related to 
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environmental operational impact: Site planning, energy consumption, maintenance of equipment, air pollution 
control, noise pollution control, water pollution control, waste control and ecological controls.  Variables related to 
performance were also included, which considered regulatory compliance, auditing practices and accident rates [7].  
Gangolells identified and produced alternative criteria.  This included consideration of: air emissions; releases of 
pollutants to water; avoidance, recycling, reuse, transportation and disposal of solid and hazardous wastes; use and 
contamination of land; use of natural resources and raw materials; local issues (noise, vibration, odor, dust, visual 
appearance, etc.); transport issue; risks of environmental accidents and impacts; and effects of biodiversity [8].   
Additional efforts identified through the literature search suggested commonality in the considerations employed. 
For the construction specific elements, this included energy efficiency, water efficiency, health and comfort on site, 
proper waste management and disposal.  Not all of these considerations directly influence the carbon footprint of the 
construction operations; therefore, the goal of the process should be considered when examining the results.    
4. US and UK Initiatives: LEED, SITES and BREEAM 
The work performed by the US Green Building Council through the LEED rating system [9] for facilities and 
SITES rating system [9] for the surrounding completed landscape, has had worldwide influence and is being 
implemented throughout the globe. LEED is a voluntary process and facilities are evaluated based on location and 
transportation factors, sustainability of the site, water efficiency, energy and atmosphere, materials and resources, 
indoor environmental quality, innovation in design and regional priorities.   These factors primarily relate to the design 
features and the final constructed facility and do not, in general, consider the construction process.  The rating factors 
were examined to determine whether and how the factors could influence decision making during the construction 
phase.  Factors, where applicable for the construction process, were evaluated in further detail with relation to their 
impact and their overall effect on the LEED rating category.  Categories and variables/credits that are applicable 
considering LEED Building Design and Construction (BD+C) version 4 for new construction are discussed as follows: 
• Location and Transportation: The site is predetermined by the owner/designer and variables considered in this 
category cannot be influenced by the construction process.  One tangential factor is the protection of sensitive 
land on-site.  In the case of wetlands and other sensitive areas this is presumed to be required under contract.   
• Sustainable sites: Construction activity pollution planning is a prerequisite requirement for this category.   The 
factor SS Credit 5.1 to protect or restore habitat is “to minimize the impacts of the construction process on natural 
systems by requiring minimal site disturbance during construction.” [1]. This can result in credit of 1-point 
maximum of 26 total points for the category.  Other factors, which could influence construction include storm 
water management, heat-island effects and light-pollution; however, in LEED credits are only given for the 
influence of the final design on these variables.   
• Water efficiency: This category includes a prerequisite for 20% water reduction.  For rating, a total of 10 points 
are considered based on indoor and outdoor water-efficiency and metering in the final facility.    
• Energy and atmosphere: this includes the use of renewable energy, refrigerant management and metering and is 
applied to the final design not the construction process.   
• Materials and resources: This category has a prerequisite of recycling for paper, glass, plastics and metals.     The 
majority of this category involves the re-use of materials and building components.  There is a credit for 
construction waste management (2 points of 14 total) requiring a plan to divert waste materials from disposal.  
• Indoor environmental quality considers factors such as daylight availability, acoustical performance, thermal 
performance and low emitting materials.   Each of these factors focus on the final constructed facility.   
There are many factors that could be applied to the facilities that are utilized on-site to explore the sustainability of 
construction offices and LEED, as defined, could be used to evaluate the temporary facilities on-site.  Environmentally 
friendly options, such as green portable cabins, exist in the market place and could be employed on sites.  For 
construction operations, however, considerations are limited to waste management and minimization of disturbed in-
situ locations on-site.  
For the SITES initiative, developed through a collaborative effort and supported by the USGBC, there are many 
parallel considerations but one very important addition: the consideration of the construction process through Section 
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7. This section, “starts with ensuring that contractors are aware of sustainability goals set in the initial design phase 
… [so that] proper actions can be taken through the construction phase.” [10] There are three prerequisites which must 
be satisfied: utilizing sustainable construction practices, retaining and controlling construction pollutants together with 
sediment and erosion control, and restoring soils disturbed during construction.  These prerequisites are based on 
integrated design processes and proactive planning and leadership.  Credits are available for restoring soils disturbed 
by developments (credits based on re-planting), diverting construction materials (credits based on 100% reuse and 
reuse distance from the site), vegetation and soils/rocks from disposal, and protecting air quality during construction 
(credits based on the type of diesel engines used during construction and the use of ultra-low sulfur fuel).   
In the United Kingdom, the initiative developed and employed is known as the Building Research Establishment 
(BRE) Environmental Assessment Method (BREEAM).  This approach is a voluntary rating system similar in 
philosophy to LEED where an assessment is developed, “by giving a score based on [a building’s] performance against 
a series of set criteria” [11].  An interesting facet of BREEAM is the assessment process whereby provisional ratings 
are assigned through design and then confirmed and finalized in a post-construction assessment. The rating 
corresponds to a level based on the percentage score.  To pass, minimum levels require scores of 30 or above with 
additional credits required for good (≥ 45), Very good (≥ 55), Excellent (≥ 70) and Outstanding (≥ 85).    As with 
LEED and other approaches, the majority of considerations pertain to the design of the facility.  There are specific 
construction considerations for very good (mitigation of ecological impact) and excellent/outstanding (considerate 
constructors). There is significant overlap in the BREEAM with LEED and in general, if a building is certified in one 
system, it will be certified in the other system.  The main difference is philosophical and related to the process of 
certification where BREEAM compliance is evaluated by a licensed BREEAM assessor while in LEED the design 
team produces the evidence and certification is provided by the USGBC.   
5. UAE Initiatives: The Dubai Green Building Regulations (DGBR) and Estidama Pearl 
As discussed, sustainability and green construction is a priority in the UAE.  Dubai has developed the Green 
Building Regulations (DGBR or Regulations) and Abu Dhabi has developed the Estidama Pearl rating system.  Both 
Emirates have ambitious sustainability goals with Abu Dhabi leading worldwide research and development in 
sustainable systems through the Masdar Institute and Masdar City.  Dubai has a goal to “have reduced energy use 
across the emirate by 30 percent and to generate at least 25 percent of its power from renewable sources [by 2030] … 
It also wants to eliminate waste sent to landfill within 20 years and devise more sustainable methods of water 
generation.” [13]   
Estidama was developed by the Abu Dhabi Urban Planning Council and implemented in 2010 to provide a rating 
system applicable for the United Arab Emirates climate [14].  The approach taken is similar to both LEED and 
BREEAM in terms of philosophy but the details of the process and the relative importance of variables/considerations 
differ.  The system is based on a four-fold ‘pillar’ approach considering economic, cultural and societal sustainability 
together with environmental sustainability.   Like with BREEAM, there is a multi-phased certification process where 
provisional certification is given after design with evaluations performed after construction and during operation.  The 
final certification is only awarded after two-years of operational use.   While currently voluntary, Estidama Pearl will 
become mandatory with plans to incorporate within the building codes to ensure all structures and developments 
receive at minimum the lowest evaluation of One-Pearl.    
In Estidama, a Construction Environmental Management Plan (CEMP) must be developed, submitted and approved 
as part of the rating system.    There is also emphasis on using life-cycle costing and integrated development strategies.  
Natural systems must be protected and where soils/ecological habitat is disturbed, the land must be mitigated and 
improved, typically with increased plantings.  Construction indoor air quality is specifically required while ventilation 
and thermal control, minimization of noise pollution, monitoring and control of indoor environmental systems is 
further required for the final facilities.   Water is a priority and exterior water monitoring should be employed at the 
sited during construction.    Energy should be used efficiently and there are numerous considerations for the final 
facility that could be employed on site during the construction process.  For waste, there is a specific consideration 
for management of construction waste which must be planned through the Construction and Demolition Waste 
Management Plan developed during the permitting process.   
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Unlike LEED, BREEM, and Estidama, the approach taken in Dubai is regulatory and all buildings are expected to 
comply with the Dubai Green Building Regulations [15].  In ecology, sites should consider exterior light pollution 
and controls.  The impact of construction, demolition and operational activities must be considered together with an 
environmental impact assessment as part of the planning/permitting process through the development of the CEMP 
documents.  Indoor air quality must be considered during construction.  Pollutants must be contained and isolated and 
waste material must be managed properly.  There are numerous other conditions, such as the use of water metering, 
the use of efficient fittings, the use of on-site renewable energy, efficiency in temperature control and air conditioning, 
provisioning for natural daylight, etc., which apply to the constructed facility.  These provisions can be applied to site 
offices to impact and incentivize sustainable site facilities in conjunction with sustainable site operations.    
6. Evaluation of Approaches: Common Elements 
The approaches that have been developed in the UAE, the US, the UK and around the globe are transforming the 
details of constructed facilities and are making a significant difference on sustainability.  All of the approaches have 
a focus on the final product and have limited consideration of construction-specific details.  Considering LEED, 
SITES, BREEAM, Estidama and the Dubai Green Building Regulation, all approaches call for minimization of 
disturbance to the existing site and restoration and improvement of all disturbed soils and ecological features.  The 
approaches further have focuses on waste management during construction and re-use of construction materials, either 
on-site or at alternative, near-by locations.    Beyond these specifics indicated for construction are a wealth of 
considerations intended for the final facility, which may also be applied to the on-site offices and cabins.  These 
include, but are not limited to, the following: 
• Efficiency of water use on the site 
• Minimization of noise and light pollution in the surrounding community 
• The use of recycled materials in temporary facilities/falsework 
• Utilization of renewable energy sources for power 
• Proper orientation of facilities to maximize natural light and minimize thermal control requirements. 
• Maintenance of proper in-door air quality during construction (required also for safety) 
• Use of energy efficient temporary facilities to provide maximum comfort with minimum energy 
• Metering and control of energy and water, including condensate recovery 
As identified by Ko in the literature review, construction site sustainability considers on-site construction, 
construction transport and on-site offices.  The considerations above apply to the on-site offices and other physical 
features, such as lighting.  These considerations could be applied in a formalized fashion for the temporary facilities 
on the construction site as part of a sustainable initiative for the construction process.  However, additional efforts 
must be undertaken to also consider the operations on the site, not just the static facilities.   
Considerations for construction operations through literature review are summarized in Table 1 based on the work 
of Ko, Firmawan, Tam & Lee and Gangolells.  Items in plain text apply to the facilities or have been identified in the 
bulleted list of considerations from the rating procedures that could be applied.   Items in bold/italic text apply 
specifically to operations or transportation and are not explicitly considered in the rating systems discussed.    
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Table 1. Pertinent Parameters for Consideration of Construction Operations Sustainability 
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Considering the on-site construction equipment, items of high-priority are more efficient use of equipment, better 
fuel efficiency, proper maintenance of equipment and less wasteful transportation (on-site and to/from the site).  
Combined with this are better management practices (better monitoring, proper auditing) and early connection to the 
power grid, which minimizes the need for on-site, non-renewable power generation.  The other factors, safety and 
hygiene and regulatory compliance, are presumed to be high-priority areas for construction contractors and will not 
be considered as the impact of such tasks on carbon footprints is indirect.   
7. Pertinent Considerations and Questions for Sustainable Construction 
To look at sustainability in construction operations an alternative approach to the design-oriented rating systems 
or regulatory approaches must be employed.  The existing rating systems and approaches, such as LEED, SITES, 
BREEAM, Estidama, and the Dubai Green Building Regulations, have minimal consideration for construction 
operations but may all be employed to evaluate temporary facilities on-site.  It is not likely, however, that such rating 
systems would ever be employed to certify construction facilities.  Elements of the rating systems, however, could be 
employed as part of a rating system for construction operations. Questions that could be asked by construction 
professionals with respect to energy efficiency and carbon footprint reduction, are as follows: 
Site Layouts and Facilities: 
• Is the job-site layout inefficient?  (i.e. unnecessary movements, wasteful actions, transportation delays) 
• Do the job-site facilities make proper use of natural daylight and shading? 
• Are sustainable sources of energy being used on the job-site to complement/replace generators?   
• Are the portable facilities, such as offices and cabins, energy efficient, insulated, and using environmentally 
friendly materials? 
On-site equipment, material supply equipment, and transportation service providers 
• Is low-sulphur diesel used on-site and by materials suppliers/transporters?  
• Is construction equipment new and/or energy efficient and monitored correctly and proactively?  
• Is the equipment spread designed to minimize non-productive equipment time/idling? 
• Is construction equipment levelled or otherwise optimized to increase efficiency and minimize waste? 
• Are equipment operators experienced and trained properly? 
• Is equipment properly maintained? 
• Can the use of generators be minimized by early connection to the power-grid? 
Additional considerations, which do not directly relate to energy and carbon footprint reduction but which indirectly 
influence or otherwise impact sustainability must also be considered.  These include the following: 
• Are re-useable forms being employed and does false-work employ renewable materials? 
• Is waste-material, such as excess concrete, able to be used on-site or nearby to avoid disposal? 
• Is labor productive, efficient and cognizant of safety protocols? (influences equipment waste) 
The questions above reflect the categories of consideration outlined: on-site construction, transportation for 
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construction purposes, business travels and on-site offices.  On-site construction and transportation for construction 
purposes dominated the emissions in terms of percentages.    Business travels, presumed to refer to staff traveling to 
off-site locations for meetings and other business-related purposes, was not considered.  Energy efficiency in business 
travel could be considered and choices incentivized if determined to be significant for a given site.   
8. Conclusion 
As previously acknowledged, sustainability and sustainability issues have become increasing important globally 
and are a priority in Dubai and throughout United Arab Emirates.  Numerous approaches and rating systems exist for 
designing green buildings and communities, including the USGBC LEED and Sustainable Sites (SITES) approaches 
from the US, BREEAM from the UK, and the Dubai Green Building Regulations and Abu Dhabi’s Estidama Pearl 
Systems from the UAE.  These approaches have limited consideration of construction operations.  Thus, sustainable 
designs may end up being delivered using unsustainable construction processes.  A process is required to guide 
sustainable consideration of construction activities to complement the design-based rating systems and minimize the 
cumulative effect of emissions through the industry. To explore development of a green-construction operations rating 
or decision support system, approaches are being examined for development of a construction-specific evaluation or 
rating procedure.   Each of the available sustainable design and rating systems (LEED, SITES, BREEAM, Estidama 
and the Dubai Green Building Regulations) were examined to evaluate construction-specific parameters.  There are 
considerations in each approach which could be applied to the site facilities but each system is significantly lacking 
in substance when considering construction operations, which contribute the majority of emissions.  A literature 
review revealed studies which demonstrated the important parameters, which was compared to variables included in 
existing procedures.    The adequacy of the collective information was examined and recommendations were made 
regarding considerations and questions that must be asked when examining construction operations sustainability.   
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